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Description 

Radiation-emitting semiconductor component 

The invention concerns a radiation-emitting semiconductor component with a semiconductor 
body that includes a first principal surface, a second principal surface and a semiconductor layer 
sequence with an electromagnetic radiation generating active zone, the semiconductor layer 
sequence being disposed between the first and the second principal surfaces. The invention 
further concerns a method for producing such a radiation-emitting semiconductor component. 



This patent application claims the priority of German Patent Applications 103 39 983.6 of 
August 29, 2003, and 103 46 605.3 of October 7, 2003, whose disclosure content is hereby 
explicitly incorporated by reference into the present application. 

In radiation-emitting semiconductor components, the internal conversion efficiency of electrical 
energy into radiant energy is usually much higher than the overall efficiency. This is due 
essentially to the low outcoupling efficiency from the semiconductor component of the radiation 
generated in the active zone. There are a number of reasons for this. It is frequently desired for 
current to be injected into the semiconductor layer sequence over a large area, which can be 
achieved for example by means of large-area metal contact structures. However, such contact 
structures usually are not transparent to the generated radiation and cause high absorption 
thereof. 



There are also ways to inject current over a large area using small-area contact structures that do 
not cover the semiconductor body completely. For this purpose, the radiation-emitting 
semiconductor component can, for example, comprise so-called current spreading layers, which 
provide uniform current injection into the active zone. This can be achieved, on the one hand, by 
means of layers of doped semiconductor material disposed in the semiconductor layer sequence. 
Such layers must be relatively thick to ensure uniform current injection into the active zone. The 
thicker the semiconductor layer, however, the greater the amount of time needed to make the 
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layer sequence. Furthermore, as the layer thickness increases, so does the absorption of free 
charge carriers and/or of the generated radiation in these layers, resulting in low overall 
efficiency. 

In addition, known from JP 2000-353820 is a component having a current spreading layer that is 
transparent to the generated radiation. This layer contains ZnO, which belongs to the TCO 
(Transparent Conducting Oxides) class of materials. In addition to ZnO, ITO (Indium Tin Oxide) 
is another material from this class that is commonly used for current spreading. 

The outcoupling efficiency is further limited by the total reflection of radiation generated in the 
active zone from interfaces, owing to the different refractive indexes of the semiconductor 
material and the surrounding material. Total reflection can be disturbed by suitable structuring of 
the interfaces. This results in a higher outcoupling efficiency. 

Another cause of low outcoupling efficiency is absorption of the radiation in a substrate or a 
carrier on which the semiconductor layer sequence is grown or the radiation-emitting 
semiconductor component is mounted. 

The object of the present invention is to develop a radiation-emitting semiconductor component 
of the kind recited at the beginning hereof that has an enhanced overall efficiency. A method for 
producing radiation-emitting semiconductor components of enhanced overall efficiency is also to 
be specified. 

This object is achieved by means of a radiation-emitting semiconductor component having the 
features of Claim 1 and a method for producing radiation-emitting semiconductor components 
according to Claim 34. Advantageous improvements of the invention as the subject matter of the 
dependent claims. 

A radiation-emitting semiconductor component according to the present invention comprises a 
semiconductor body including a first principal surface, a second principal surface and a 
semiconductor layer sequence with an electromagnetic radiation generating active zone, in which 
the semiconductor layer sequence is disposed between the first and the second principal surfaces, 
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a first current spreading layer is disposed on the first principal surface and electrically 
conductively connected to the semiconductor layer sequence, and a second current spreading 
layer is disposed on the second principal surface and electrically conductively connected to the 
semiconductor layer sequence. 

At least one of these current spreading layers preferably also contains electrically conductive 
materials that are transparent to the generated radiation. Particularly preferably, both current 
spreading layers contain such materials, particularly radiation-transparent conductive oxides, 
preferably metal oxides, such as for example ZnO, InO and/or SnO or oxides having two or more 
metallic constituents, such as ITO. Current spreading layers made from these materials are 
especially suitable, since, among other things, they have a low layer resistance that ensures 
uniform current entry into the semiconductor layer sequence. In addition, they exhibit broad 
ranges of high-transmission wavelengths. The resistances are advantageously below 200 O/n, 
values of less than 30 Q/n being particularly preferred. The unit O/n (ohms per square) in this 
context corresponds to the resistance of a square area of the layer. 

The thicknesses of the current spreading layers are so selected according to the invention as to 
bring about uniform current entry into the semiconductor layer sequence. This is achieved with 
layer thicknesses of 10 nm to 1000 nm, particularly preferably of 200 nm to 800 nm. 

At least one of the radiation-transparent, conductive current spreading layers advantageously 
contains Al, Ga, In, Ce, Sb and/or F as dopant(s) in order to reduce the layer resistance of the 
current spreading layers. For example, the first current spreading layer contains ZnO and is 
doped with Al, and the second current spreading layer contains SnO and is doped with Sb. 

The current spreading layer can be applied for example by sputtering, particularly DC sputtering, 
the process parameters being so selected that an electrical contact is formed between the current 
spreading layer and the adjacent semiconductor layers that permits uniform current entry into the 
semiconductor layer sequence and thus into the active zone. The electrical contact between these 
layers can be further improved for example by sintering or suitable precleaning of the relevant 
surfaces of the layers involved. Due to the presence of two current spreading layers, the current 
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is injected very uniformly on both sides of the semiconductor layer sequence and a high-quality 
active zone is formed, which is distinguished by evenly distributed radiation generation and 
advantageously low absorption. 

In a preferred configuration of the invention, disposed on at least one of the current spreading 
layers is a mirror layer, which is preferably electrically conductive and, further, has a high 
reflectivity for the radiation generated in the active zone. 

The mirror layer reduces absorption losses in any layers disposed under it, such as for example a 
substrate or a carrier, and forms with the current spreading layer a high-efficiency electrical 
mirror contact for contacting the semiconductor component. The mirror layer preferably contains 
a metal, advantageously Au, Ag, Al, Pt and/or an alloy containing at least one of these materials. 
The mirror layer is particularly preferably disposed on that side of the current spreading layer on 
the first principal surface that faces away from the semiconductor layer sequence. The mirror 
layer can be applied for example by vapor deposition or sputtering. 

In a further preferred configuration of the invention, at least one principal surface of the 
semiconductor layer sequence has a microstructure that was built into or applied to the 
corresponding principal surface prior to the application of the current spreading layer. Said 
microstructure is fashioned such that the structured surface, compared to unstructured ones, has 
an enhanced outcoupling efficiency due to the disturbed total reflection of radiation generated in 
the active zone and incident on that surface. This increases the radiation outcoupling and thus the 
overall efficiency of the radiation-emitting semiconductor component. Such microstructures can 
be produced for example by roughening processes such as etching or grinding. In addition, such 
a microstructure can be produced by applying to the surface to be structured a metallic mask 
material whose wetting properties are such that small metallic islands, which are preferably at 
least partially linked, are formed on the surface. This island structure can be transferred to the to- 
be- structured surface by a dry etching process, after which the mask material can be removed by 
suitable methods. The principal surface on the side of the semiconductor layer sequence facing 
away from the mirror layer preferably has a microstructure. 



4 



P2003,0562 

In an advantageous improvement of the invention, the semiconductor layer sequence has at least 
one n- and one p-conductive layer. The thicknesses of the n- and/or p-conductive layers are 
typically between a monolayer and 1000 nm. The thickness of at least one or both of these layers 
is preferably less than 400 nm, and particularly preferably is between 150 nm and 350 nm. In 
conventional components, the n- and/or p-conductive layers disposed around the active zone 
often also serve to spread current and therefore have a relatively large thickness. 

In the invention, however, current spreading takes place in the current spreading layers located 
outside of the semiconductor body. The layers of the semiconductor layer sequence can therefore 
be made relatively thin. 

A semiconductor layer sequence with such advantageously small layer thicknesses positively 
affects the operation of the radiation-emitting semiconductor component in a variety of ways. 
For example, free charge carrier absorption, absorption of the generated radiation and the epitaxy 
times needed to make such components are substantially reduced, thereby increasing the 
outcoupling efficiency of the radiation-emitting semiconductor component, shortening 
production times for the semiconductor layer sequence and lowering its production cost. 

The semiconductor layer sequence with the n- and p-conductive layers and a radiation generating 
active zone is preferably produced by epitaxial growth on a substrate, for example a GaAs 
substrate. The current spreading layers are preferably applied, for example by sputtering, after 
the epitaxy phase. 

The semiconductor layer sequence preferably contains a III/V semiconductor, such as for 
example In x Ga y Ali_ x _ y P, where 0 <x <1, 0 <y <1 and x + y <1, In x Ga y AW y N, where 0 <x < 
1, 0 <y <1 and x + y <1, or In x Ga y Ali_ x _ y As, where 0 <x <1, 0 <y <1 and x + y <1. 

With particular advantage, the current spreading layer disposed on the p-conductive side of the 
semiconductor layer sequence contains ZnO, preferably doped with Al, and the one disposed on 
the n-conductive side SnO, preferably doped with Sb. In III/V semiconductors, Sn, for example, 
can at the same time be used as a dopant in the n-conductive region. The diffusion of Sn atoms 
from an SnO-containing current spreading layer into an adjacent n-conductive layer therefore 
increases the majority charge carrier concentration in the n-conductive layer. This is especially 
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true at the interface of the two layers. The conductive contact between such layers and thus 
current injection into the active zone are therefore improved. Similar considerations apply to Zn 
as an acceptor in relation to p-conductive layers. 

The first current spreading layer can therefore be different from the second current spreading 
layer, so that, depending on the contact properties, the material of the current spreading layer 
concerned can advantageously be adapted to the adjacent material of the semiconductor body. 

In an advantageous improvement of the invention, when the radiation-emitting semiconductor 
component is in operation the first and/or second current spreading layer forms an electrical 
contact to the semiconductor body that has an ohmic characteristic (ohmic contact). Such a 
contact preferably has at least approximately a linear current-voltage characteristic within the 
range of the currents or voltages that occur during the operation of the radiation-emitting 
semiconductor component. 

The current spreading layer disposed on the p-conductive side of the semiconductor body 
preferably forms an ohmic contact to the semiconductor body. Particularly preferably, a p- 
conductive, AlGaAs-containing layer of the semiconductor body adjoins a ZnO-containing 
current spreading layer. Such a combination has proven particularly advantageous for creating an 
ohmic contact. 

In an advantageous configuration of the invention, the semiconductor layer sequence is grown 
epitaxially on a substrate which is removed after the epitaxy process by suitable measures, for 
example mechanical stressing or an etching operation. The semiconductor layer sequence is 
connected via the first principal surface to a carrier, made for example of GaAs. The connection 
is preferably electrically conductive and can be produced for example by means of a solder 
metallization. Disposed between the carrier and the first principal surface is a current spreading 
layer, on whose side facing away from the semiconductor layer sequence there is a mirror layer. 
The two advantageous improvements that follow are based hereon. 

In a first advantageous improvement of the above configuration, the second principal surface, the 
one farther from the carrier, has a microstructure that disturbs the total reflection of radiation 
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incident on that surface. Disposed on this principal surface is an additional current spreading 
layer, followed by a contact surface for electrically contacting the semiconductor component. 
The contact surface preferably has a smaller lateral extent than the semiconductor layer sequence 
and/or the current spreading layers. Furthermore, it can also comprise, on the side facing the 
semiconductor layer sequence, a layer that reflects radiation generated in the active zone, or it 
can itself be reflective. By means of the current spreading layers, the current injected through the 
contact surface is uniformly distributed laterally and is injected into the active zone over a large 
area. This prevents a disadvantageous increase in the generation of radiation in the region of the 
active zone located below the absorptive contact surface. Hence, absorption of the generated 
radiation in the contact surface is reduced by the reflecting layer, thereby increasing the 
outcoupling efficiency of the component. 

In a second advantageous improvement of the above configuration, the second principal surface, 
the one farther from the carrier, has a microstructure. Disposed thereafter is a jacket layer that is 
transparent to the generated radiation, or a jacket layer sequence composed of plural layers and 
provided with the second current spreading layer. This current spreading layer has in this case at 
least one recess or window, so configured that the jacket layer sequence is not covered by the 
current spreading layer in the region of the recess or window. The recess is at least partially 
occupied by a contact surface for electrical contacting, which is in contact with the jacket layer 
sequence and the current spreading layer. 

The contact surface is advantageously metallic and has with respect to the transition to the jacket 
layer sequence, in the case of a voltage applied in the forward direction, a potential barrier (e.g. a 
Schottky barrier) that is so high that nearly all of the current from the contact surface passes into 
the laterally adjacent current spreading layer and from there through the jacket layer into the 
active zone. As a result, only a very small fraction of current finds its way into the region of the 
active zone located below the contact surface, and only a very small amount of radiation is 
generated in that region compared to the rest of the active zone. Absorption of the generated 
radiation in the contact surface is thereby reduced. Moreover, a microstructure or a jacket layer 
(sequence) of the aforesaid kind can also be formed on the side of the semiconductor layer 
sequence facing the carrier. 
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An inventive production method for a radiation-emitting semiconductor component with a 
semiconductor body that includes a first principal surface, a second principal surface and a 
semiconductor layer sequence with an electromagnetic radiation generating active zone, the 
semiconductor layer sequence being disposed between the first and the second principal surfaces, 
comprises the following steps: 

- growing the semiconductor layer sequence on a substrate; 

- applying a radiation-transparent current spreading layer to the first principal surface; 

- stripping off the substrate; 

- applying a radiation-transparent current spreading layer to the second principal surface. 

The above enumeration of the steps is not to be construed as fixing them in a given order. 

The semiconductor layer sequence is preferably grown epitaxially. The substrate can be removed 
by a suitable method, such as for example an etching process or mechanical stressing. The 
current spreading layers preferably contain a TCO, particularly preferably ZnO and/or SnO. 

To decrease the layer resistance, it is advantageous to dope at least one current spreading layer 
with Al, Ga, In, Ce, Sb and/or F. 

Further configurations of the delineated method will emerge from the steps described below, 
which can be integrated into the above method at an appropriate point. In particular, many steps 
can be performed on both sides of the semiconductor layer sequence. 

In a preferred configuration of the method, a mirror layer, preferably containing Au, Ag, Al, Pt 
and/or an alloy containing at least one of these materials, is applied to the current spreading layer 
on the first principal surface. 

The semiconductor body can thereafter be affixed to a carrier, preferably over the mirror layer, 
the fixing preferably being effected by means of a solder metallization. The substrate is 
preferably stripped away after the semiconductor body is affixed to the carrier. The carrier can 
therefore be different from the substrate. 
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In addition, at least one principal surface can be provided with a microstructure to disturb the 
total reflection from this principal surface of the radiation generated in the active zone. 

Furthermore, in an additional preferred configuration of the method, a jacket layer or a jacket 
layer sequence is applied, disposed between a current spreading layer and the semiconductor 
layer sequence. In the current spreading layer nearest the jacket layer a recess can be made, 
which is preferably occupied at least partially by a contact surface for electrically contacting the 
radiation-emitting semiconductor component. The recess is preferably so formed that the current 
spreading layer is completely removed in the region of the recess. 

If no recess is provided, a contact surface can be applied to the current spreading layer that is 
farther from the carrier. 

Particularly preferably, the outlined method is used to produce the semiconductor components 
described in Claim 1 and the dependent claims. 

Further features, advantages and suitabilities of the invention will emerge from the descriptions 
of the following exemplary embodiments in connection with the following figures. 

Fig. 1 shows a schematic sectional view of a first exemplary embodiment of an 



inventive radiation-emitting semiconductor component; 



Fig. 2 



shows a schematic sectional view of a second exemplary embodiment of an 
inventive radiation-emitting semiconductor component; 



Fig. 3 



shows a schematic sectional view of a third exemplary embodiment of an 
inventive radiation-emitting semiconductor component; 



Fig. 4 



provides, in Figs. 4A to 4D, a schematic diagram of an exemplary embodiment of 
an inventive method for producing a radiation-emitting semiconductor 
component, based on four intermediate steps. 
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Like and like-acting elements have the same reference numerals in the figures. 

Figure 1 is a schematic sectional view of a first exemplary embodiment of an inventive radiation- 
emitting semiconductor component. Disposed on a GaAs carrier 1 is a mirror layer 2 made of 
Au, and, thereon, a first current spreading layer 3 containing ZnO and Al, for example of the 
composition Alo.02Zno.9sO. These layers are followed by a semiconductor body comprising a 
semiconductor layer sequence 4 containing In x Ga y Ali. x . y P, where 0 <x <1, 0 <y <1 and x + y < 
1. Semiconductor layer sequence 4 comprises a first principal surface 5, one or more 
semiconductor layers of a first conduction type 6, a radiation generating active zone 7, one or 
more semiconductor layers of a second conduction type 8, and a second principal surface 9. 
Disposed on second principal surface 9 is a second current spreading layer 10 containing SnO 
and Sb, for example of the composition Sbo.2Sno.98O. Layers 6 and 8 are p- or n-conductive, 
respectively, and each has a total layer thickness of, for example, 200 nm. 

Semiconductor layer sequence 4 is produced by epitaxy on a GaAs growth substrate, which is 
stripped away after the application of mirror layer 2. The combination of mirror layer 2 and 
current spreading layer 3 serves as a high-efficiency mirror contact for uniform current injection 
into semiconductor layer sequence 4. This reduces the absorption of radiation in the carrier 1, 
and, in combination with second current spreading layer 10 on second principal surface 9, 
ensures very uniform current entry through both principal surfaces 5 and 9 into semiconductor 
layer sequence 4 and particularly into active zone 7. The result, therefore, is a high-quality active 
zone 7 in which radiation is generated laterally uniformly. 

The low layer thicknesses of semiconductor layers 6 and 8 permit a shorter production process 
for the semiconductor body and reduce the absorption of free charge carriers and of the 
generated radiation in these layers. The layer thicknesses are subject to a lower limit in that they 
are intended to prevent the diffusion of foreign atoms from the adjacent current spreading layers 
into the active region, their thickness must be large enough for the potential construction or 
application of a microstructure, and/or the charge carriers should remain in the active zone for as 
long as possible. 
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The combination of two current spreading layers 3 and 10 brings about an increase in overall 
efficiency, which is increased still further by the mirror layer 2 and the thin layers of different 
conduction types 6 and 8. 

The element of semiconductor layer(s) 6 that adjoins current spreading layer 3 is preferably a p- 
conductive AlGaAs layer. The AlGaAs layer is advantageously integrated into the 
semiconductor body or semiconductor layer sequence. This simplifies the formation of a 
substantially ohmic contact between the current spreading layer and the semiconductor body. 

The electrical contacting of the component can be effected via a contact surface disposed on the 
side comprising second principal surface 9 or second current spreading layer 10 and an opposite 
contact surface disposed on the side of carrier 1 opposite to the semiconductor body. This is 
not illustrated in Fig. 1 . 

Figure 2 shows a schematic sectional view of a second exemplary embodiment of an inventive 
radiation-emitting semiconductor component, which is substantially consistent with the 
construction sketched in Fig. 1 . By contrast thereto, the mirror layer 2 is affixed to the carrier via 
a solder metallization 1 1 and is therefore electrically conductively connected to it. In addition, 
second principal surface 9 is provided with a microstructure 12, produced for example by means 
of a mask layer using the above-mentioned process. This disturbs total reflection and thereby 
increases outcoupling efficiency. 

Moreover, disposed on second current spreading layer 10 is a contact surface 13 for electrical 
contacting, which on its side facing semiconductor layer sequence 4 can be reflective (not 
explicitly illustrated) with respect to the in the active zone 7. Contact surface 13 has a smaller 
lateral extent than current spreading layers 3, 10 and/or semiconductor layer sequence 4. 
Absorption of the generated radiation in contact surface 13 is reduced due to the fact that 
increased radiation generation is prevented in the region of active zone 7 that is shaded by the 
absorptive contact surface 13. Mirror-coating the underside of contact surface 13 further helps to 
reduce absorption in contact surface 13. On the whole, therefore, the outcoupling efficiency is 
increased further in comparison to the exemplary embodiment depicted in Fig. 1. 
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Figure 3 is a schematic sectional view of a third exemplary embodiment of an inventive 
radiation-emitting semiconductor component. The basic construction, again, is that shown in Fig. 
2. By contrast thereto, a jacket layer 14 is disposed between current spreading layer 10 and 
second principal surface 9. In addition, the electrical contacting is effected through a contact 
surface 13 that is disposed in a recess 15 in current spreading layer 10 and is in direct contact 
with current spreading layer 10 and electrically conductive jacket layer 14. The electrical 
contacts between these layers are produced such that the current from contact surface 13 flows 
primarily through current spreading layer 10 and then jacket layer 14 into semiconductor layer 
sequence 4 and active zone 7. The contact between jacket layer 14 and contact surface 13 here 
comprises a sufficiently high potential barrier (for example a Schottky barrier) to prevent current 
from flowing directly from contact surface 13 through jacket layer 14 into semiconductor layer 
sequence 4, or at least reduces the flow of current over this path. 

Jacket layer 14 is preferably transparent to the generated radiation and contains for example 
Al x Gai. x As y Pi- x . y , where 0 <x <1 and 0 <y <1. Such contacting causes a smaller fraction of 
current, compared to the exemplary embodiment of Fig. 2, to be injected into the region of active 
zone 7 shaded by contact surface 13. The radiant output generated in that region is therefore 
relatively low, and thus only a correspondingly small amount of radiation is absorbed in contact 
surface 13. The outcoupling efficiency is thereby increased further in comparison to the subject 
matter depicted in Fig. 2. 

Figures 4a to 4d provide a schematic diagram of an exemplary embodiment of an inventive 
method for producing a radiation-emitting semiconductor component of high overall efficiency, 
based on four intermediate steps. 

Figure 4a depicts a semiconductor layer sequence 4 that has been grown epitaxially on a 
substrate 16, made for example of GaAs. The semiconductor layer sequence 4 forms a 
semiconductor body that includes a first principal surface 5, a layer of a first conduction type 6 
(e.g. p-conductive), an electromagnetic radiation generating active zone 7, a layer of a second 
conduction type 8 (e.g. n-conductive) and a second principal surface 9. Layers 6 and 8 are each 
200 nm thick. The semiconductor layer sequence 4 is based for example on In x Ga y Ali_ x _ y P, where 
0 <x <1, 0 <y <1 and x + y <1. 
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In Fig. 4b, a current spreading layer 3 made from Alo.02Zno.9sO is sputtered onto first principal 
surface 5. It is then provided by vapor deposition or sputtering with a mirror layer 2 made of Au. 
Next, as shown in Fig. 4c, mirror layer 2 is affixed by means of a solder metallization 1 1 to a 
carrier 1, preferably of GaAs, and the substrate 16 is removed, mirror layer 2 being connected 
electrically conductively to the carrier 1 . Furthermore, in second principal surface 9, which now 
is no longer connected to the substrate 16, a microstructure 12 that disturbs total reflection from 
that surface is applied or built in a suitable manner. Carrier 1 is therefore different in particular 
from substrate 16. 

An additional current spreading layer 10 containing Sbo.02Sno.9gO is then sputtered onto principal 
surface 9 comprising microstructure 12, and in Fig. 4d, in a last method step, is provided with a 
contact surface 13 for electrically contacting the radiation-emitting semiconductor component. 

The invention is not limited by the description based on the exemplary embodiments. Rather, the 
invention encompasses any novel feature and any combination of features, including in particular 
any combination of features recited in the claims, even if that feature or combination itself is not 
explicitly mentioned in the claims or exemplary embodiments. 
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